Against the background of persistent outbreaks of Fowl typhoid and Colibacillosis in five commercial layer farms in Zaria, Nigeria, this study was conducted to screen rats for Escherichia coli and Salmonella gallinarum in the farms, and to evaluate the susceptibility of the bacterial organisms to ten commonly used antimicrobial drugs in Zaria. A total of 250 rectal swabs of rats comprising Norway rats (Rattus norvegicus) and Roof rats (Rattus rattus) caught with sticky traps in the farms were analyzed. Standard methods were used to isolate E. coli and S. gallinarum. Biochemical characterization of E. coli and S. gallinarum was also done according to standard method. Disc diffusion method was used to determine the susceptibility of the organisms to ten antimicrobial agents: amoxycillin, chloramphenicol, ciprofloxacin, enrofloxacin, erythromycin, gentamycin, neomycin, nitrofurantoin, sulphamexazole and tetracycline. Of the 250 rats screened, 112 (44.8%) were positive for S. gallinarum and E. coli. The result indicated occurrence rates of 26.8% for E. coli and 18.0% for S. gallinarum in the rats screened. The antibiogram revealed that 38 (56.7%) of the E. coli and 29 (64%) of the S. gallinarum isolated were resistant to all drugs tested except ciprofloxacin and enrofloxacin. Complete resistance to nitrofurantoin was observed in 11.9% of E. coli and 13.3% of S. gallinarum. The need to introduce and sustain rat control programme was recommended. Special emphasis also needs to be given for the rational use of drugs to avoid problems of resistence among bacterial pathogens of poultry.
Introduction
Disease problems can be serious consequences of a rodent infested poultry house (Nkogwe et al., 2011) . Rodents can transmit many different diseases affecting man and other domestic animals (Lapuz et al., 2007; Meerburg et al., 2009) . Diseases caused by Salmonella species and Escherichia coli are those of greatest concern to poultry producers (Lapuz et al., 2008) . It has been reported that the failure to control rodent populations in some geographical locations has continued to pose health problems to humans with particular reference to salmonellosis and other pathogens (Meerburg et al., 2009) . Research has shown that by reducing the rodent population in poultry houses, the bird mortality rate can also be lowered. E. coli is the causative agent of colibacillosis in poultry . It is a gram-negative, non-acid-fast, uniform staining, non-spore-forming bacillus that grows both aerobically and anaerobically and may be variable in size and shape. Although, E. coli is considered as a member of the normal microflora of the poultry intestine, but certain strains, such as those designated as avian pathogenic E. coli, spread into various internal organs and cause colibacillosis characterized by systemic fatal disease (Barnes et al., 2003) .
Salmonella gallinarum is the cause of fowl typhoid in poultry. It is one of the most important bacterial diseases in poultry causing heavy economic losses through mortality and reduced production . The increasingly international scope of the modern poultry industry has created new and more complex opportunities for the spread of pathogenic bacteria mechanically by rats (Lapuz et al., 2008) . It is also important to note that rats may acquire or spread resistant strains of bacteria to humans and livestock and this might have chemotherapeutic implication for humans, livestock and pet animals (Kassa et al., 2007; Nkogwe et al., 2011) . The persistent outbreaks of fowl typhoid in 5 commercial layer farms in Zaria, Nigeria, have highlighted the importance of this study; to screen in rats in the poultry houses for E. coli and S. gallinarum, with a view to evaluating the response of these organisms to commonly used antimicrobial drugs in the area. 
Materials and Methods

Study Area
Sample Size Determination
An initial sample size of 138 rats to be sampled was determined using the following formular (Glenn, 2002) 
Where p = prevalence of 10% for Salmonella spp. infection for urban rats (Rattus norvegicus) as described by Hilton et al., (2002) , d = desired precision rate of 5%, and z = 1.96. However, the sample size was increased to 250 for the purpose of wider coverage and even distribution among the farms (i.e. 50 rats per farm).
Sampling
A total of 250 rats were caught using sticky traps in the 5 different commercial poultry farms with history of persistent fowl typhoid outbreaks. Rectal swabs were collected from the rats using sterile swabs. The swabs were immediately transported to the bacteriology laboratory, processed and cultured on media.
Culture, Isolation, Identification and Biochemical Characterization
For the detection of E. coli, the swabs were plated onto MacConkey agar (MAC), (OXOID Ltd., Detroit, Michigan, USA) and eosin methylene blue (EMB) agar (OXOID Ltd., Detroit, Michigan, USA) and incubated aerobically for 24 h at 37°C. Colonies on EMB agar (metallic green sheen) and reddish/pinkish colonies on MAC agar were subjected to biochemical tests for identification of E. coli using standard methods (Mcfadden, 2000) . While brilliant green agar (BGA) and Salmonella Shigella agar (SSA) were the selective media used for the isolation of S. gallinarum. Identification of S. gallinarum colonies on BGA was on the basis of their transparent pink to deep fuschia appearance, surrounded by a reddish medium. Urea and indole tests were used as key biochemical tests to differentiate between S. gallinarum and E. coli (S. gallinarum is urea positive, E.coli is not. E. coli produce indole, S. gallinarum does not).
Antibiotic Susceptibility Test
Single disc diffusion method was used to assess susceptibility of E. coli and S. gallinarum isolates to commonly used antimicrobial agents as described by NCCLS (2002) .
A total of 10 antibiotic discs containing amoxycillin, chloramphenicol, ciprofloxacin, enrofloxacin, erythromycin, gentamycin, neomycin, nitrofurantoin, sulphamexazole and tetracycline were used. The antibiotics impregnated discs were applied to the surface of the inoculated plates with sterile forceps. Each disc was gently pressed down onto the agar to ensure complete contact with the agar surface. The plates were inverted and incubated at 37°C.
After 24 h of incubation, the plates were examined, and the diameters of the zones of complete inhibition to the nearest whole millimeter were measured. The zone diameter for individual antimicrobial agents was then translated into susceptible, intermediate and resistant categories according to interpretation table (NCCLS, 2002) .
Results
A total of 145 bacteria of 10 different genera (E. coli, S. gallinarum, Proteus sp, Pseudomonas sp, Morganella sp, Klebsiella sp, Shigella sp, Providencia sp, Enterobacter sp, Chromobacter sp and unknown bacteria) were isolated from both Norway and Roof rats in the farms under study (Table 1) . However, only E. coli and S. gallinarum were speciated, being the main focus of the study. The result indicated that E. coli and S. gallinarum were the major bacterial pathogens of poultry harboured by rats in these farms, with occurrence rates of 26.8% and 18% for E. coli and S. gallinarum in the total population of 250 rats sampled in the poultry houses, respectively ( Table 2 ). The antibiotic sensitivity patterns of E. coli and S. gallinarum were as presented in table 3. The study also revealed that 38 (56.7%) of E. coli and 29 (64.4%) of S. gallinarum isolates were resistant to all the drugs tested except ciprofloxacin and enrofloxacin (Table 3) . Overall high sensitivity to the drugs was observed in 12 (17.9%) of E. coli and 10 (22.2%) of S. gallinarum. E. coli isolates were highly sensitive to ciprofloxacin (4.5%) and enrofloxacin (4.5%), while S. gallinarum were sensitive ciprofloxacin (8.8%) and enrofloxacin (4.5%). The most common resistance of both organisms was with the older generation of drugs such as chloramphenicol (21.1% of E. coli and 17.2% of S. gallinarum), and J. Vet. Adv., 2015, 5(11): 1147-1152 tetracycline (18.4% of E. coli and 20.7% of S. gallinarum isolates). Complete resistance to nitrofurantoin was observed in 11.9% of E. coli and 13.3% of S. gallinarum. HS: highly susceptibility (more than 20mm), MS: moderately susceptible (20-14mm), R: resistant (less than 13mm).
Discussion
The result indicated that E. coli and S. gallinarum were the major bacterial pathogens of poultry harboured by rats in the study area. Although, the possibility of isolating the E. coli as a normal intestinal flora cannot be overlooked, it is also important to note that some of the isolates may be pathogenic to poultry (Lee and Harp, 1997) . This study further complements the report that E. coli and S. gallinarum can also be cultured from animals such as rodents living in and around hen houses (Lapuz et al., 2007) . It is important to note that rats have been considered as the most important vector of Salmonella in contaminated layer farms (Davies and Wray, 1995) . The implication is, these rats may not only amplify the transmission of pathogenic E. coli and S. gallinarum but also may be responsible for maintaining the infection cycle of these organisms in the layer houses, hence the recurrent fowl typhoid outbreaks. It was difficult, however, to determine whether the rodents introduce bacteria into a poultry house or, if they pick up the bacteria from an already infected house. It is probable that both scenarios may occur, although the frequency at which rodents cause primary enteric infection in poultry is not known (Lapuz et al., 2007) . The implication is E. coli and S. gallinarum if transmitted by rats may colonize the ovaries of breeders when ingested, and may be vertically transmitted to layers and then to eggs.
The finding that 56.7% of E. coli and 64% of S. gallinarum isolates were resistant to all the 10 drugs tested could have far-reaching effects on public health because, with the emergence of antimicrobial resistance in bacteria which is well documented worldwide, these organisms under stress are known to be capable of transferring resistance-coded plasmids readily to other species including human pathogens (Ojeniyi, 1989; Cohen, 2000) . The high resistance to chloramphenicol and tetracyclines exhibited by both E. coli and S. gallinarum is of serious concern because these drugs are still considered among the less costly and most widely used for the treatment of colibacillosis and typhoid in both poultry and man (Akond et al., 2009; Okonko et al., 2010) . The resistance to tetracycline observed in this study is not surprising because the drug has been widely used in therapy and in the promotion of feed efficiency in animal production systems since its approval in 1947 (McEwen and Fedorka-Cray, 2002; Salehi and Bonab, 2006) . It is important to note that the persistence of tetracycline resistance was reported in animal coliforms a decade after it was no longer used in feed or for treatment (Langlois et al., 1983) .
The complete resistance of E. coli and S. gallinarum observed against nitrofurantoin indicates that this compound has become seriously compromised and probably is currently of little or no value in the treatment of E. coli and Salmonella infections in poultry in the area (Okoli et al., 2005) .
In the present study, the finding that ciprofloxacin and enrofloxacin appeared to be the most potent antibiotics against both E. coli and S. gallinarum (based on the fact that no isolated demonstrated resistantce to the drugs) is consistent with previous reports (Okoli, 2006; Raji et al., 2006) . Despite the fact that these drugs were among the most potent of the fluoroquinolones, the reason may also be attributed to the fact that these drugs have been used by the poultry farmers only recently in Zaria (Raji et al., 2006; Aliyu, 2007; Ogunleye et al., 2008) .
Conclusion
As a consequence of irrational and indiscriminate use of antimicrobial drugs, rats in poultry houses could be carriers of multi-drug resistant bacteria. Special emphasis need to be given for the rational use of drugs to avoid problems of resistance among bacterial pathogens of poultry.
There is the need to introduce and sustain rats control programme in poultry farms.
